Recent measurements of diboson production in proton-proton collisions at the LHC, performed by the CMS Collaboration, are summarized. Studies of ZZ production, WZ and WW production at √ s = 13 TeV, WV → νqq (V = W ± or Z, = e or µ) at √ s = 13 TeV, and Zγγ and Wγγ at √ s = 8 TeV are reported. Inclusive and differential cross section measurements and limits on anomalous triple gauge couplings are reported, as well as a measurement of the Z → 4 branching fraction.
Introduction
Measurements of diboson and multiboson production (VV, VVV, where V is Z, W ± , or γ) at the CERN LHC provide insights into the electroweak gauge structure of the standard model (SM). Estensions of the SM predict additional processes with multiple bosons in the final state, then, any observed deviation of multiboson cross sections from their SM predictions could be an early sign of physics beyond the SM. With a large dataset at the unprecedented center-of-mass energy of 13 TeV, the CMS experiment [1] studies these processes at this new energy in detail. In this report, measurements of ZZ [2] , WZ [3] , WW [4] , WV → νqq (V = W ± or Z, = e or µ) [5] , and Zγγ and Wγγ [6] production are summarized. Full analysis details and results can be found in the references provided.
ZZ production
ZZ production provides a probe of neutral gauge boson interactions in the SM, and its cross section is highly sensitive to higher-order quantum chromo-dynamics (QCD) corrections. The 4 final state, where = e or µ, can be fully reconstructed and has small backgrounds. This final state is studied at a center-of-mass energy of 13 TeV with the CMS detector at the LHC and the data sample used corresponds to an integrated luminosity of 35.9 fb −1 . The ZZ production cross section is measured using events with two opposite-sign, same-flavor lepton pairs produced in the mass region 60 < m + − < 120 GeV. The major background contributions arise from Z boson and WZ diboson production in association with jets and from tt production. In all these cases, particles from jet fragmentation can satisfy both lepton identification and isolation criteria, and be misidentified as signal leptons. The probability for such objects to be selected is measured from a sample of Z + candidate events. Triboson, ttZ, and Higgs boson backgrounds are estimated with simulated samples. The four-lepton invariant mass distribution is shown in Fig. 1 (left) , along with SM predictions with which it generally agrees. The ZZ production cross section is measured to be:
consistent with standard model predictions. The total ZZ cross section is shown in Fig. 1 (right) as a function of the proton-proton center-of-mass energy. Results from CMS and ATLAS are compared to predictions from MATRIX and MCFM with the NNPDF3.0 PDF sets and fixed scales µ F = µ R = m Z . The MATRIX prediction uses PDFs calculated at NNLO, while the MCFM prediction uses NLO PDFs. The uncertainties are statistical (inner bars) and statistical and systematic added in quadrature (outer bars). The band around the MATRIX predictions reflects scale uncertainties, while the band around the MCFM predictions reflects both scale and PDF uncertainties. The Z boson branching fraction to four leptons is measured by comparing the measured Z → 4 fiducial cross section to the Z → 2 fiducial cross section, with a correction for nonresonant four-lepton production and is determined to be: for events with a four-lepton invariant mass in the range 80 < m 4 < 100 GeV and a dilepton mass m > 4 GeV for all opposite-sign, same-flavor lepton pairs. The results agree with standard
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CMS results on diboson and multiboson production Javier Cuevas on behalf of the CMS Collaboration model predictions. The measurement of the differential cross sections provides detailed information about ZZ kinematic properties. The observed yields are unfolded using a iterative technique. The three decay channels, 4e, 4µ, and 2e2µ, are combined after unfolding because no differences are expected in their kinematic distributions. The generator-level leptons used for the unfolding are dressed. 
WZ production
WZ production is sensitive to higher-order QCD corrections and the details of tri-linear gauge boson couplings. The final state provides a clean channel with manageable backgrounds. The signature of the process is three well-identified, isolated leptons in association with a large imbalance of transverse momentum of detected particles (the magnitude of which is called the missing energy, E miss T ) associated to the undetected neutrino. To reduce contributions from tt events [3] ,
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CMS results on diboson and multiboson production Javier Cuevas on behalf of the CMS Collaboration m4 (GeV) the two leptons constituting the Z boson candidate are required to have an invariant mass satisfying 76 < m < 106 GeV, and the trilepton invariant mass, m 3 , is required to be more than 100 GeV to exclude a region where production of Z bosons with final-state radiation is expected to contribute. The background contributions in this analysis are divided into two categories: background processes with prompt isolated leptons, e.g., ZZ, Zγ, ttZ, and background processes from nonprompt leptons from hadrons decaying to leptons inside jets or jets misidentified as isolated leptons, primarily Z+jets and tt. The background processes with prompt leptons are estimated from simulation. The processes with at least one nonprompt lepton are estimated from data. The nonprompt background contribution is evaluated using the "tight-to-loose" method. The method estimates the probability that a loose candidate is misidentified as a tight lepton and applies this probability to control regions with loose candidates to estimate the resulting contribution to the signal region. These loose candidates are selected with relaxed lepton identification and isolation requirements. The uncertainties in background contributions from both flavors of nonprompt leptons are determined by combining the uncertainties in the measured values of the misidentification probabilities and the statistical uncertainties due to the limited number of events in the control regions. The systematic uncertainty in the misidentification probability is 30% for both electrons and muons. The invariant mass distributions for all channels combined are shown in Fig. 3 and compared to the SM expectations and to the backgrounds estimated from data with the full WZ selection requirements. The fiducial W Z → ν cross section for p T > 20, 10 GeV, p T > 20 GeV, all leptons within |η| < 2.5, 60 < m < 120 GeV, and invariant mass of any same-flavor opposite-sign lepton pair above 4 GeV is
corresponding to a total cross section for the range 60 < m < 120 GeV of σ (pp → WZ) = 39.9 ± 3.2 (stat.) +2.9 −3.1 (syst.) ± 0.4 ± 1.3 (lumi.) pb.
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WW production
The leptonic final state in the W + W − channel consists of two oppositely charged, high p T , isolated leptons not compatible with a Z boson decay, large missing transverse energy from the neutrinos recoiling against the two leptons, and a small number of jets. Selected events [4] contain exactly one electron and one muon with opposite charge and p T > 20 GeV, which greatly suppresses contributions from Drell-Yan processes. The E miss T in the events is required to be larger than 20 GeV. Only events with zero or one reconstructed jets with p j T > 30 GeV and |η j | < 4.7 are used in the analysis, which supresses contributions from top-quark mediated processes. The measurement is performed separately for events with zero and one reconstructed jets. The statistical analysis is based on a simultaneous profile likelihood fit of the two signal regions corresponding to the 0-jet and 1-jet categories and their associated control regions for top-quark mediated background processes. The combination of the 0-jet and 1-jet categories is the nominal result. The W + W − cross section is measured to be 115.3 ± 10.3 (stat. + syst.) ± 3.6 (lumi.) pb, consistent with the NNLO theoretical prediction, which is σ NNLO (pp → W + W − ) = 120.3 ± 3.6 pb [8] .
WV production
Additional operators that would lead to anomalous WWγ or WWZ couplings are considered in this analysis by studying events with one W boson decaying to an electron or muon and neutrino and one W or Z boson decaying hadronically [5] . As the effects of the aTGCs are most dramatic at high boson momenta, only "boosted" hadronic boson decays are considered, where the hadronization products of the two final state quarks geometrically overlap to form a single large-radius jet. The analysis is split into WW and WZ final states using the invariant mass of the jet created as the result of the hadronic decay of W or Z bosons. This can provide discrimination between some aTGC though the limited resolution causes significant cross-contamination between the channels. In order to reduce contributions from W+jets backgrounds, jet-substructure techniques are used. To have a good discrimination against jets from gluon and single-quark hadronization, N-subjettiness [9] is used. The ratio between 2-subjettiness and 1-subjettiness, τ 21 = τ 2 /τ 1 , is found to be a powerful discriminant between jets originating from hadronic V decays and from gluon and single-quark hadronization. The W+jets background is suppressed by requiring a pruned mass [10] of 65 GeV < M pruned < 105 GeV and τ 21 > 0.6 for the signal region. The signal regions with M pruned < 85 GeV (WW region) and M pruned > 85 GeV (WZ region) are treated separately. The normalizations of the W+jets and tt backgrounds are extracted from the M pruned distribution in the data using a template fit. Systematic uncertainties are evaluated for the tt, single-top quark and diboson processes using simulated samples. Limits are set on aTGCs using the data in the signal region and background estimates as shown in Fig. 4 . Limits are set at 95% confidence level (CL) using a simultaneous unbinned maximum likelihood fit of the M WV distributions in the four signal regions. Systematic uncertainties are included as nuisance parameters and limits are derived from contours of the negative logarithmic likelihood as function of the aTGCs. The effective field theory (EFT) parametrization used here is assumed to be valid at the energies relevant for this experiment, i.e. that the actual scale associated with new particles is much larger than the scale Λ to which the experiment is sensitive. In addition to the EFT parametrization, the limits are also computed in terms of the parametrization commonly used at LEP [11] . The resulting limits are given in Tab. 1. 
Wγγ and Zγγ production
Production of three-boson final states in proton-proton collisions is predicted by the SU(2)×U(1) gauge structure of the SM. Cross sections for these processes include contributions from quartic PoS(LHCP2018)288 gauge couplings (QGCs), which are sensitive to new phenomena that modify those couplings. Simulated aQGC events are assigned a set of weights, each of which reproduces the effect of an anomalous QGC. The main background contribution in both analyses consists of events in which one or two jets are misidentified as photons. The background estimate is based on an analysis of the two-dimensional distribution of the charged hadron isolation variables I ch,1 and I ch,2 of the leading and subleading photon candidates, respectively. We measure fiducial cross sections of 4.9 ± 1.4 (stat.) ± 1.6 (syst.) ± 0.1 (lumi.) fb and 12.7 ± 1.4 (stat.) ± 1.8 (syst.) ± 0.3 (lumi.) fb for the Wγγ and Zγγ processes, respectively. The measured cross sections are in agreement with the NLO theoretical predictions of 4.8 ± 0.5 fb and 13.0 ± 1.5 fb for the Wγγ and Zγγ final states, respectively. These measurements correspond to significances for observing the signal of 2.6 and 5.9 standard deviations for the Wγγ and Zγγ final states, respectively. Anomalous QGCs are modeled using a dimension-8 effective field theory parametrization [12] . Anomalous QGCs enhance the production of signal events at high momentum scales. The Wγγ final state is used to place limits at 95% CL on anomalous quartic gauge couplings using a dimension-8 effective field theory. In particular, stringent limits are placed on the f T,0 coupling parameter of -33.5 < f T,0 /Λ 4 < 34.0 TeV −4 .
